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Accepted: 24 December 2025 agricultural soils of Islamshahr, south of Tehran, 21 topsoil samples were collected and the total
Keywords: concentrations of PTEs were measured by an ICP-OES device. The obtained data were analyzed through
Ef;:ﬂt;'i'ﬁf;‘;’;iiccu‘i:szf”ts' the calculation of geochemical indices and the application of statistical methods. Based on the average
pollution, Islamshahr. values of the enrichment factor, geoaccumulation index, single factor index, Nemerow integrated
pollution index (NIPI) and potential ecological risk index (PERI), the studied soil samples are polluted
with Cd, Pb, Zn and Mn. The statistical analyses indicate that Cr, Ni, Fe, Zn, Cu, Cd and Pb originate
from anthropogenic activities (e.g., industrial activities, traffic, urban and industrial waste disposal sites).
Human health risk assessment shows the non-carcinogenic risk of Pb through ingestion for children in
some sampling stations. The carcinogenic risk of Cr and Ni in the soils of the study area is higher than the
acceptable value (1x10) for children through the ingestion route. The results of this study highlight the
necessity of environmental management of human activities (traffic, agriculture, and industries) to reduce
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the negative consequences of potentially toxic elements intake by residents of the study area.

Introduction

In recent decades, global concerns about the potential
effects of harmful environmental pollutants on human
health and other organisms have received increasing
attention. One of the most important factors in the
increase in the intensity of environmental pollution is
population growth, especially in urban areas.
Urbanization is usually accompanied by improper waste
disposal, increased traffic, rapid industrial development,
and destruction of natural resources (Shakeri and
Forghani Tehrani, 2023). In some cases, the development
of agricultural activities is also developed around urban
areas. Potentially toxic elements are considered as the
most problematic environmental pollutants, especially in
urban soils (Yuan et al., 2008) which can threaten the
health of residents of such areas (Yaftian et al., 2023),
because these elements negatively affect biological

functions and, by accumulating in the body of organisms,
they may cause serious health disorders (Khaghani and
Forghani Tehrani, 2024; Ou et al., 2025).

Islamshahr County, with an area of approximately
195 km?, is located 10 km south of Tehran. In recent
decades, due to its proximity to the Tehran metropolis, it
has experienced rapid and excessive population growth
(population of nearly 500,000). One of the possible
consequences of the enhanced population in this area is
the pollution of urban soil. Some important sources of
soil pollution in Islamshahr County include: urban and
domestic waste disposal site near the city, wastewater
discharge in absorption wells, brick kiln activities, coal
mining units, Ni and Cr plating units, industrial units,
agricultural activities, etc. There are approximately
12,000 hectares of arable land in the county, of which
9,000 hectares are currently under cultivation. Moreover,
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Islamshahr County has heavy traffic due to its proximity
to the Tehran-Saveh highway. In general, the excessive
population growth in this county can be considered the
main reason of environmental issues. The main
objectives of this study are to assess the pollution level
of urban and agricultural soils in Islamshahr County, to
determine the possible source of pollutants, and to assess
the possible health risks induced by potentially toxic
elements.

Materials and Methods

21 top soil samples (0-15 cm) were collected using a
stainless-steel shovel. After being transported to the
laboratory and dried at room temperature, the samples
were passed through a 10-mesh nylon sieve and
pulverized using an agate mortar and pestle until the
particle size was less than 200 mesh. The concentration
of major and trace elements in the grinded samples was
measured after strong acid digestion
(HF+HCI+HNO3+HCIO,) of the samples on a sand bath
using an ICP-OES device (Varian model). The detection
limit of the device for Cd is 0.1 mg/kg; Th and Sc: 0.5
mg/kg; Co, Cr, Cu, Ni, Pb, V, and Zn: 1 mg/kg; Mn, U,
Ba and Zr: 5 mg/kg; Ti: 10 mg/kg and, Fe and Al 100
mg/kg. The physicochemical properties of the soil affect
the mobility, bioavailability, bioaccessibility and
accumulation of metals (Kelm et al., 2009). Soil pH was
determined using the US Environmental Protection
Agency standard method (USEPA Test Method, 1998,
Method 9045), the organic matter content was
determined by measuring the organic carbon content in
the samples using the ferrous ammonium sulfate solution
titration method (Chopin and Alloway, 2007), and the
carbonate percentage of the samples was determined
using hydrochloric acid and back titration method. The
percentage of sand, silt and clay in each sample was
determined using a hydrometer. The individual pollution
indices (i.e. enrichment factor, single-factor pollution
index, geoaccumulation index, and Nemrow integrated
pollution index) and combined pollution index of
potential ecological risk were used to assess the pollution
level of the studied soils. The probable health risk of
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potentially toxic elements was assessed based on the
method provided by the United States Environmental
Protection Agency (USEPA, 1989). In this method, the
carcinogenic and non-carcinogenic risk of potentially
toxic elements from the three exposure routes of
ingestion, inhalation and dermal contact is obtained using
the calculation of the average daily dose (ADD) (Sawut
etal., 2018; Soltani-Gerdefaramarzi et al., 2021). In order
to investigate the possible source of the studied elements,
the correlation and cluster analyses were applied.

Results and Discussion

The pH of the studied soil samples varied between 7.2
and 8.9 (average value of 8.4). According to the standard
classification of the United States Department of
Agriculture (USDA, 1999) classification, the pH of the
studied soil samples ranged from neutral (6.6-7.3) to
highly alkaline (8.5-9). The amount of soil organic
matter is controlled by rainfall, temperature (which
directly controls the rate of organic matter
decomposition), soil texture, and land use. Finer-grained
soils usually have more organic matter content. Soil
organic matter is important in the stabilization of some
metal pollutants, such as Cu, through the formation of
bonds with metals and creating stable compounds (Six et
al., 2002), leading to the retention and accumulation of
metals in the soil (FAO/WHO, 1993). The amount of
organic matter in the studied soil samples varied in the
range of 0.2 to 2.8 % (average value of 0.9 %). The
highest organic matter content is observed in agricultural
soil samples, which is due to the application of fertilizers
and soil amendments. The calcium carbonate content of
the studied soil samples varies between 12 and 39%
(average value of 25.9%). The high carbonate content in
the soil samples explains their neutral to alkaline pH.
Carbonates are an important reservoir for the
accumulation of metal ions (Rocco et al., 2016) and can
adsorb some potentially toxic elements such as Cd, Zn
and Pb. According to the standard classification of the
United States Department of Agriculture (USDA, 1999),
the texture of the studied soils is mainly clay and clay
loam. In general, the bioavailability of elements in fine-
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textured soils (high clay content) is lower than in coarse-
textured soils (high sand content) (Yu et al., 2019),
because silt and clay have a higher potential to retain
potentially toxic elements. The average total
concentration of Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb,
Th, U, V and Zn in the soil samples are 552.9, 0.2, 12.4,
58.4, 29.9, 31203, 895, 1.2, 38.1, 35.9, 15.3, 4.1, 107.4
and 129 mg/kg respectively. The average concentration
of Mn, Zn and Th in the studied samples is significantly
higher than the respective concentration of these
elements in the world soil average composition. The
average concentration of Ba, Co, Ni, Pb and U is slightly
higher than the concentration of these elements in the
world soil average composition. If the EF value of an
element is between 0.5 and 1.5, that element is mainly of
crustal origin, and if the EF value of an element is more
than 1.5, the element is probably introduced by
anthropogenic activities (Zhang et al., 2009). Based on
the average enrichment factor values, in the studied
samples, U, Th, Mn and Zn probably originate from
human activities (average EF values of 1.5, 1.8, 2and 2.1,
respectively). Moreover, the studied soils are moderately
enriched in Th, Mn and Zn (2<EF<5) and slightly
enriched in other elements (EF<2). Based on the values
of the single-factor index and according to the
classification provided for this index (Yang et al., 2011),
the studied samples are at the low pollution level for Ni,
Pb, Zn, Cd, Mn, U and Th (average Pi values of 1.3, 1.3,
1.9, 1.1, 1.8, 1.4 and 1.7, respectively). The most
contaminated sampling sites are located adjacent to the
Sahand industrial zone. The values of the
geoaccumulation index showed that some stations are
more polluted with Cd, Pb and Zn. According to the
values of the Nemerow Integrated Pollution Index
(NIPI), the studied samples are in the severe pollution
level for Cd, Pb and Zn (average values of 7.1, 3.8 and
4.1, respectively); in the moderate pollution level for Mn
and Th (average values of 2.4 and 2.5, respectively), and
in the warning level for Ba, Cr, Cu, Fe, Ni and V (average
valuesof1.8,1.4,1.3,1.4,1.9and 1.1, respectively). The
values of the potential ecological risk index values
indicate that the samples are in the level A, indicating low
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ecological risk. The HQ value of Pb through the ingestion
route for children is higher than 1 in some sampling sites,
confirming the possible non-carcinogenic risk of Pb for
children. Based on the results of non-carcinogenic risk
assessment, the highest non-carcinogenic risk through
ingestion, inhalation, and dermal contact routes is related
to Pb, Mn, and Fe, respectively. The non-carcinogenic
risk of all elements from all routes is higher for children
than for adults, which is due to the more sensitive
physiology of children and their lower weight compared
to adults. Based on the average HI values, there is a non-
carcinogenic health risk only for children via ingestion
(average HI value of 1.3). Based on the results obtained,
for Cr, Ni and Cd, the risk of carcinogenicity of different
pathways decreases as follows:

Children's ingestion > Adults' ingestion > Children's
dermal contact > Adults' dermal contact > Children's
inhalation > Adults' inhalation

CR values higher than 1x10* indicate the risk of
cancer (Young et al., 2014). According to the obtained
results, in the soil samples of Islamshahr, the ingestion of
Cr and Ni for children is associated with a possible
carcinogenic risk (average CR values of 0.003 and
0.0008, respectively).

In general, significant correlations between elements
indicate their similar physicochemical properties or
common origin (Xu et al., 2025). Most of the studied
elements, especially Cr, Cu, Ni, Co, V, Th and U show
significant positive correlations with Fe, indicating the
presence of these elements in silicate minerals and/or
amorphous and semi-amorphous iron oxides. There is a
significant positive correlation between Al and Co, Zr,
Sc, V, Ti, Th, Fe and Mn, indicating the presence of these
elements in the structure of soil silicates or iron and
manganese oxides. Cd and Pb do not show any
correlations with other elements, indicating the different
origin of these two elements, or their presence in other
minerals in the soil such as carbonates. Zn shows a high
correlation just with U. Given the high correlation
between U and Fe, it is likely that part of Fe and Zn
enrichment is probably from anthropogenic sources and
these elements have been absorbed by soil oxides. In the
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dendrogram of cluster analysis, two main groups can be
identified. Sample number 21, which was collected from
the slum of Islamshahr and far from pollution sources, is
located alone in a cluster. Cluster 2 consists of two
subgroups. The first subgroup includes samples collected
from urban areas contained waste disposal sites, and the
second subgroup includes agricultural and garden soils.
Therefore, the cluster analysis has separated the different
samples based on land use.

Conclusions

The geochemical study of potentially toxic elements
in urban soils of Islamshahr shows that in some locations
are polluted with such elements, especially with Cd, Mn,
Zn, and Pb. Considering the adverse health impacts of
potentially toxic elements for local residents, especially
sensitive population groups (e.g. children), proper
practical measures (e.g., soil clean-up through
phytoremediation) are of crucial importance. The results
of the present study indicate the need for environmental
management to control the entry of potentially toxic
elements into the soil.
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ED 6 24 Year
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(0.009), Fe (0.0022)
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Table 3. Descriptive statistics of physico-chemical parameters of the studied soils

pH oM CaCOs Clay Silt Sand

average 8.4 0.9 25.9 394 210 39.3
min. 7.2 0.2 12 25 8 17.5
max. 8.9 2.8 39 60 375 64
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Fig. 2. The texture of the soil samples based on the percentage of clay, silt and sand
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Table 4. Descriptive statics of the element’s concentrations (mg/kg) in the soil samples

Element Mean Std. Deviation Variance Skewness Kurtosis Minimum Maximum
Al 61361 4444.6 19754537 0.1 0.2 51533 69035.1
Ba 552.9  109.0 11881 1.05 2.4 355.4 866.9
cd 0.2 0.2 0.03 0.7 -0.9 0.1 0.6

Co 124 22 5.0 -0.9 0.9 6.8 15.4

Cr 5846 11.4 129.5 05 0.6 31.3 78.2
Cu 299 83 69.4 2.3 9.0 18.6 60.3

Fe 31203 4333 18782065 -0.9 1.4 19713.4 37068.7
Mn 8955 94.3 8900.7 0.6 0.4 666.1 10415
Mo 1.2 1.2 1.3 2.1 5.0 0.4 5.0

Ni 381 9.6 91.3 0.6 0.5 16.7 54.4

Pb 359 248 613.1 35 14.0 14.9 135.1
Sc 104 13 1.8 -1.0 1.9 71 127

Sn 2.5 0.4 0.2 0.5 2.8 1.6 3.7

Sr 4645 103.2 106485  -0.02 0.2 271.3 670.9
Th 153 2.7 7.3 0.5 1.2 10.2 22.4

Ti 3053 3333 111056 0.1 1.6 2212.8 3691.1
U 41 0.7 0.5 0.01 1.8 25 5.9

\ 1074 155 241.4 -0.8 16 69.8 132.6
Zn 130 63.9 4086.2 2.9 9.1 76.1 363.6
Zr 2840 26.7 713.9 0.4 0.6 240.5 333.8

(CCME, 2007) calizes (slas )l b S5 50 (p,59kS p p,5 o) (coww yolic 5 o lailinl polis -0 Jgo
Table 5. Soil quality guidelines (mg/kg) for different land-uses (CCME, 2007).

Element Land-use
Residential Agricultural Industrial Commercial
Cr 64 64 87 87
Cu 63 63 91 91
Pb 140 70 600 260
Zn 200 200 360 360
Cd 10 1.4 22 22
Ni 50 50 50 50
Ba 500 750 500 2000
U 23 23 300 23
\% 130 130 130 130
Co 50 40 200 -
OOA
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Fig. 3. Distribution of potentially toxic elements in the study area
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Fig. 4. The average values of single pollution indices for the studied potentially toxic elements
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Fig. 5. the values of potential ecological risk index (PERI) in soil sampling sites
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Table 7. Non-carcinogenic risk (HQ values) of potentially toxic elements in soil samples

Sample Fe \Y, Ba Ni Cr Mn Cu Co Cd Zn Pb

1 0.04676  0.4803  0.03273  0.02936  0.33332  0.07877 001099  0.00742  0.00176  0.00796  0.89491
2 0.04814  0.15102  0.03239  0.02896  0.26999  0.08415  0.00987  0.00855  0.00585  0.00496  0.70113
3 0.03001  0.09911  0.04207  0.01170  0.3353  0.07468  0.00594  0.00511  0.00376  0.00324  0.67172
4 0.04623  0.14769  0.03434  0.02250  0.24042  0.08194  0.00939  0.00701  0.00264  0.00418 1.07815
5 0.05074  0.16572  0.03792  0.02478  0.24479  0.08406  0.00927  0.00762  0.00227  0.00437 1.08650
6 0.05114  0.16599  0.03239  0.02622  0.24252  0.08461 000987  0.00881  0.00236  0.00472  0.75166
7 0.04254 014018  0.02272  0.02972  0.26579  0.06915  0.00637  0.00877  0.00096  0.01550  0.42301
8 0.07256  0.16188  0.03985  0.02334  0.28221  0.09512  0.01926  0.00888  0.00096  0.00975 1.42961
9 0.04602  0.14352  0.02907  0.02629  0.26328  0.06083  0.00689  0.00708  0.00096  0.00376  0.38144
10 0.04209  0.14029  0.05542  0.01900  0.20596  0.00000  0.00826  0.00777  0.00096  0.00388  0.86631
1 0.04787  0.15594  0.03341  0.02434  0.23451  0.08619  0.00970  0.00906  0.00536  0.00518  0.79292
12 0.05040  0.16209  0.02915  0.03110  0.31033  0.08049  0.00815  0.00987  0.00721  0.00458  0.51618
13 0.03561  0.10381  0.04504  0.01065  0.16984  0.07953  0.00681  0.00437  0.00096  0.00382 1.16417
14 0.04732  0.15575  0.02986  0.02567  0.25662  0.08163  0.00976  0.00726  0.00491  0.00523  0.62093
15 0.05469  0.18266  0.03988  0.01971  0.19854  0.09275 001096  0.00971  0.00096  0.00477  0.73461
16 0.05611  0.18660  0.02830  0.03477  0.32453  0.09048  0.00953  0.00885  0.00168  0.00449  0.72857
17 0.04628  0.15076  0.03788  0.02064  0.19465  0.08302 001051  0.00719  0.00096  0.00519  0.84019
18 0.05364  0.16233  0.03458  0.03275  0.26799  0.09258  0.00958  0.00913  0.00596  0.00470  0.62295
19 0.05590  0.18839  0.03935  0.02105  0.25699  0.09238 001013  0.00975  0.00462  0.00449  0.58447
20 0.04553  0.14483  0.03378  0.02678  0.27449  0.07938  0.01007  0.00731  0.00096  0.00689  3.45395
21 0.04393  0.14815  0.03218  0.02226  0.25277  0.07062  0.00927  0.00754  0.00392  0.00467  0.91280
Average 004826  0.15261  0.03535  0.02436 024872 007821  0.00955  0.00796  0.00286  0.00554  0.91696

Orf
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Fig. 6. The results of non-carcinogenic risk assessment of potentially toxic elements in the soil samples
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Table 8. Correlation Pearson matrix of the studied elements

anllas 3 )50 polic (gly (ygm (Kot o il A Jgo>

Cd Cr Cu Ni Pb Zn Co Al Zr Sc V Ti Th U Ba Fe Mn
Cd 1
Cr 0.184 1
Cu -0.123 0.331 1
Ni 0.275 0.880™ 0.149 1
Pb -0.327  0.057 0.276 -0.065 1
Zn -0.289  0.340 0.226 0.318 0.091 1
Co 0.334 0.548* 0.381 0.633™ -0.211  0.237 1
Al 0.080 0.002 0.385 0.010 -0.114  -0.406  0.521" 1
Zr -0.125 -0.174 0.449" -0.261 -0.041  -0.251 0.300 0.730™ 1
Sc 0.195 0.499" 0.376 0.557™ -0.170  -0.043  0.833™ 0.685™ 0.567™ 1
\Y 0.158 0.580™ 0.457" 0.583™ -0.123  0.006 0.851™  0.707™  0.542" 0.964™ 1
Ti -0.079  0.298 0.606™  0.146 -0.030  0.042 0.595™  0.717" 0.800™ 0.715™ 0.760" 1
Th 0.052 0.444" 0.720™  0.409 -0.159 0.221 0.745™  0.590™  0.495" 0.707 0.782™ 0.762" 1
U 0.184 0632™ 0.611™  0.570™ -0.211  0.434" 0.681™  0.204 0.166 0.561™  0.608™  0.525 0.783™ 1
Ba -0.253  -0.614™ 0.098 -0.715™  0.144 -0.412  -0.316 0.0354 0.350 -0.274 -0.272 0.028 -0.176 -0.361 1
Fe 0.019 0.553™ 0.840™  0.464" 0.035 0.198 0.712™ 0.608™  0.507" 0.726™ 0.789™  0.825™ 0.908™ 0.780™ -0.140 1
Mn 206 0.128 0.632™  0.130 0.081 -0.100  0.493" 0.731™  0.603™  0.518" 0.605™  0.635™ 0.631™ 0.328 0.173 0.683™ 1

N
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